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OPTIHOE  DIVISIOK  OF  THE  OBSEBTATIOM  IMTEBVAL  DOBING  THE  DETECTION  OF 
SIGNALS  IN  A BADIO  LINE  iITU  ACTIVE  BESPONSE 


T.  H.  Katikov 


The  detection  pcocedare  in  a radar  device  with  active  response, 
in  the  general  case,  has  two  stages.  In  the  first  stage  (during 
interval  Tj)  inquiry  signals  are  detected  in  the  receiver  of  the 
transponder  and  in  the  second  stage  (interval  Ts)  the  reply  signals 
are  detected.  The  quality  of  detection  (probability  of  errors)  in  the 
first  and  second  stages  under  the  influence  of  interference  is 
deterained  by  values  T|  and  Tz  and  therefore  in  the  case  of  a United 
total  observation  interval  (T  = T|  ♦ Tz)  the  problen  arises  of  its 
subdivision  into  two  parts. 

Let  us  exanine  a discrete  aodel  for  sanpling  data  which  is 
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applicable  for  the  cases  of  greatest  practical  interest.  In  interval 
T|  let  the  detector  of  the  transponder  receive  n^  randon  values  of  a 
nizture  of  the  inquiry  signal  and  Interference.  At  the  end  of 
interval  Ti  the  reply  signal  is  characterized  by  the  probability  of  a 
correct  response  . The  on-board  detector  carries  out  joint 
processing  of  Ux  randon  values  received  in  interval  Tg  of  the 
response  signal.  The  total  nunber  of  randon  values  n = n^  ♦ nx  is 
United  by  the  given  observation  interval  T = Tt  Ts.  The  quality  of 
detection  is  characterized  by  a target  function 


He  shall  look  for  the  pcfnt  (iV>  Pn.)*  which  yields  the  naxinun  of 
the  target  function  in  the  set  of  points  which  satisfy  the 

assigned  condition  of  connunication,  i.e. , we  shall  look  for  the 
joint  solution  (if  it  exists)  of  the  systen  of  equations: 


For  this,  let  us  represent  the  first  difference  of  the  target 
function  in  the  fora: 


(2) 


AR»h.fV,)*F(hi.(V.VF(V.fV)-AFJr\).AF,^(fV,,,), 


where 
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AF,^f^)«F(V^R^>F(vi, PW)- 

Then  the  extreeal  point  (n2»f^)(  deteceined  by  (1)  Bust  satisfy  the 
following  systee  of  inegnalities: 

(3a) 

I3h)  . 


Considering  the  convexity  and  continuity  of  the  target  function  with 
respect  to  arguaent  Pi,  in  the  range  of  the  naxinun  it  is  possible  to 
write  sufficient  conditions  of  the  naxinun  following  fron  (3): 


(*«) 

m) 


A Fft^(n,)>  f^^r^')[  Ph,! 


I 


During  binary  processing  of  the  reply  signals  for  the  target 
function  one  can  use  the  cuaulative  function  of  binoaial  distribution 
which  deternines  the  probability  of  correct  detection: 

(5)  F(n,p)*^(«)p^(l-p)'^. 


1 


■i 


] 

i 


i 

j 


I 


Using  the  known  properties  cf  this  function  [1] 
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(6) 

c'?; 


K(?>^F(n,  p) « m {1^)  p'"’*(i-p)"”" 

AF,(n)-F(n.p)-F(n-t.p)-(;>:i)p'"a.p)"^^ 


for  the  exaeined  case  we  finally  obtain: 


(8a) 

(?b) 


fRv-fk* 


The  obtained  expressions  (8)  nake  it  possible  to  find  the 
optia  an  subdivision  of  the  selection  of  a given  volune  (■)  between 
the  on-board  detector  (n^)  and  the  active  transponder  ( ri\  ) with  the 
assigned  function  of  the  quality  of  the  response  ni,*p(n,)> 

In  the  range  defined  by  the  inequality  (8a)  the  target  function 
necessarily  increases  with  an  increase  of  n2  and  in  the  range  of 
inequality  (8b),  necessarily  decreases.  The  extreaal  point  (n!  .(O  i* 

located  in  the  area  of  intersection  of  inequalities  (8a)  and  (8b)  or 
in  the  area  of  indeterninacy  (inconpatibility  of  the  inequalities) . 

It  should  be  renenbered  that  the  obtained  expressions  are  valid 
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in  the  are*  o£  comrexity  of  the  target  function  with  respect  to  the 
argunent  ‘A,  • The  boundary  of  this  area  can  easily  be  found 
according  to  the  well-known  rule  of  deternination  of  the  inflection 
point  which  for  function  (5)  leads  to  the  following  ineguality  giving 
the  area  of  convexity: 

(9) 

More  specific  definition  of  expression  (8)  is  possible  in  the 
case  of  the  assigned  analytical  dependence  Ri,«p(n,). 


LITERATOHE 


1.  Tables  of  the  Cunulative  Binoaial  probability  Distribution, 
Caabridge,  Hass.,  1955. 


PTD-ID(RS)I-0189-77 


SeCuniTY  CLASSIFICATION  OF  THIS  PAGE  (HfiM  Om«  Bntmrmd) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

2.  GOVT  ACCESSION  NO. 

3.  RECIPIENT'S  CATALOG  NUMBER 

4.  title  (mtd  Subtlllm) 

OPTIMUM  DIVISION  OF  THE  OBSERVATION 
INTERVAL  DURING  THE  DETECTION  OF  SIGNALS 

5.  TYPE  OF  REPORT  « PERIOD  COVERED 

Translation 

IN  A RADIO  LINE  WITH  ACTIVE  RESPONSE 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHORfM) 

B.  CONTRACT  OR  GRANT  NUMBERfa; 

V.  M.  Katlkov 

9.  PERrORMING  organization  NAME  AND  ADDRESS 

Foreign  Technology  Division 

Air  Force  Systems  Command 

U.  S.  Air  Force 

10.  PROGRAM  ELEMENT,  PROJECT.  TASK 
AREA  A WORK  UNIT  NUMBERS 

It.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

12.  REPORT  DATE 

1971 

13.  NUMBER  OF  PAGES 

S 

14.  MONITORING  AGENCY  NAME  » ADDRESSfi/ dIHerenf  from  Controlling  Olllco) 

15.  SECURITY  CLASS,  (of  thie  report) 

UNCLASSIFIED 

15a.  DECLASSIFICATION/ downgrading 
SCHEDULE 

116.  DISTRIBUTION  STATEMENT  ('o/ fhi*  ReporO  I 

Approved  for  public  release;  distribution  unlimited. 


J ’7.  distribution  statement  (oi  th€  mbMtemct  In  Block  20,  If  dlflmront  from  Roport) 


18.  SUPPLEMENTARY  NOTES 


19.  KEY  WORDS  fConllnuo  on  rovoroo  oldo  U nocoooory  and  Identify  by  block  number) 


20.  abstract  (Continue  on  reveree  elde  If  neceeemry  and  Identify  by  block  number) 

17 


DD  1473  COITION  or  < NOV  «S  IS  OBSOLCTC 


UNCLASSIFIED 

SCCUNITV  CLASSIFICATION  OF  THIS  PACE  firh.n  Dmf  Enltad) 


DISTRIBUTION  LIST 
DISTRIBUTION  DIRECT  TO  RECIPIENT 


ORGANIZATION 

MICROFICHE 

ORGANIZATION 

MICROFICHE 

A205 

DMATC 

1 

E053 

AF/INAKA 

1 

A210 

DMAAC 

2 

E017 

AF/  RDXTR-W 

1 

B311 

DIA/PDS-3C 

8 

E40A 

AEDC 

1 

C0J<3 

US  AMI  I A 

1 

EA08 

AFWL 

1 

C509 

BALLISTIC  RES  LABS 

1 

EAIO 

ADTC 

1 

C510 

AIR  MOBILITY  R&D 

1 

EA13 

ESD 

2 

LAB/FIO 

FTD 

C513 

PICATINNY  ARSENAL 

1 

CCN 

1 

C535 

AVIATION  SYS  COMD 

1 

ETID 

3 

C55T 

USAIIC 

1 

NIA/PHS 

1 

C591 

FSTC 

5 

NICD 

5 

C6l9 

MIA  REDSTONE 

1 

D008 

NISC 

1 

H30C 

USAICE  (USAREUR) 

1 

P005 

ERDA 

2 

P055 

CIA/CRS/ADD/SD 

1 

NAVORDSTA  ( 50L) 

1 . 

NAVWPNSCEN  (Code  12l) 

1 

NASA/KSI 

1 

5UI  lES/RDPO 

1 

AFIT/LD 

1 

FTD-ID(RS) 1-0189-77 


iiiidai 


A 


